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Introduction 


A  Cockpit  Air  Bag  System  (CABS)  has  been  developed  for  use  in  the  UH-60A/L  Black 
Hawk  Helicopter  by  the  U.S.  Army  Program  Executive  Office,  Aviation  Aircrew  Integrated 
Systems.  An  aeromedical  evaluation  of  the  original  UH-60  CABS  was  performed  by  the  U.S. 
Army  Aeromedical  Research  Laboratory  (USAARL).  The  evaluation  included  an  evaluation  of 
the  impulse  noise  levels  generated  by  air  bag  deployment  in  six  locations  in  the  UH-60  cabin  and 
was  reported  by  Gordon  and  Murphy  (2000).  In  a  series  of  21  air  bag  deployments,  peak  sound 
pressure  levels  (SPL)  ranged  from  134  dB  to  161  dB  with  these  levels  exceeding  the  maximum 
allowable  140  dB  peak  SPL  in  the  pilot,  copilot,  and  gunner  stations  in  all  21  deployments. 
Levels  in  the  passenger  compartment  exceeded  the  maximum  allowable  level  on  nine  of  the  21 
deployments.  Since  the  UH-60  crew  is  required  to  wear  flight  helmets  which  provide  impact  and 
hearing  protection  and  passengers  are  required  to  wear  hearing  protection,  it  was  felt  that  this 
protection  was  sufficient  to  protect  the  occupants  from  hearing  damage  as  the  result  of  a  single 
air  bag-deployment  event  (i.e.,  single-  or  multiple-bag  deployment). 

Initial  evaluation  of  the  original  CABS  design  focused  on  the  possibility  of  an  inadvertent  or 
unnecessary  deployment  of  the  CABS  and  revealed  a  high  risk  of  injury  to  the  upper  extremities 
from  the  lateral  air  bag  (McEntire  et  al.,  1999).  Subsequently,  the  air  bag  developer  has 
enhanced  the  lateral  air  bag  module  design  in  an  effort  to  mitigate  this  injury  risk.  The  Product 
Manager,  Aircrew  Integrated  System  (PM-ACIS)  requested  USAARL  conduct  a  second 
aeromedical  evaluation  to  assess  the  enhanced  lateral  air  bag  module. 

This  report  describes  impulse  noise  levels  resulting  from  the  enhanced  lateral  air  bag  during 
twelve  deployments. 


Materials  and  methods 


PM-ACIS  provided  twelve  enhanced  lateral  air  bag  modules  for  testing  -  six  left-side  and  six 
right-side  lateral  air  bags.  These  air  bags  were  production-representative  versions  of  the  UH-60 
enhanced  lateral  air  bag  (Figure  1).  The  air  bag  modules  were  installed  and  tested  in  a  UH-60 
aircraft  assigned  to  the  U.S.  Army  Aviation  Technical  Test  Center  (USAATTC),  Caims  Army 
Airfield,  Alabama. 

♦Ti 

In  all  tests,  a  5  percentile  female  Hybrid  Ill-type  aerospace  anthropomorphic  test  device 
(ATD)  (manufactured  by  First  Technology  Safety  Systems*)  with  a  Society  of  Automotive 
Engineers  5th  percentile  female  instrumented  upper  extremity  (manufactured  by  R.A.  Denton, 
Inc.)  was  seated  in  the  cockpit  of  the  UH-60A  aircraft.  The  ATD  was  dressed  in  representative 
aircrew  attire  including  a  one-piece  Nomex®  flight  suit,  SRU-21/P  survival  vest,  and  an  SPH-4 
flight  helmet  (Figure  2)  and  was  always  located  on  the  side  adjacent  to  the  deploying  lateral  air 
bag. 


'  A  list  of  manufactures  is  provided  in  Appendix  B. 
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Figure  1.  Deployed  enhanced  UH-60  lateral  air  bag,  viewed  from  the  nose  of  aircraft. 


Figure  2.  Typical  test  setup.  Shown  is  the  ATD  dressed  in  flight  suit,  SRU-21/P  survival  vest, 
and  SPH-4  flight  helmet 
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Impulse  noise  measurements  were  made  using  four  Susquehanna  Instruments  (now  PCB 
Piezotronics,  Inc.)  Model  ST-2  pressure  transducers  mounted  at  grazing  incidence  on  either  side 
of  the  pilot’s  and  copilot’s  seat  (see  Figure  3).  The  signals  from  the  transducers  were 
conditioned  and  amplified  (lOx)  using  a  PCB  Model  442B104  4  channel  ICP®  Sensor  Signal 
Conditioner  with  Model  441 A102  CD  Power  Supply.  An  IOtech  Wavebook/5 16  with  WBK30 
128-Mbyte  memory  option  digitized  the  signals  at  160,000  samples  per  second  per  channel.  A 
WKB15  multi-purpose  signal  conditioning  module  modified  with  front-panel  BNC  connectors 
with  9-pole  Bessel  filter,  40  kHz  low-pass  cutoff  frequency,  5B  modules  (Frequency  Devices 
Model  5BAF-LPBE9-40.0  kHz)  installed  provided  the  appropriate  analog  filtering  in  accordance 
with  (LAW)  Military  Standard  (MIL-STD)  1474D  (Department  of  Defense,  1997)  Noise  Limits. 
A  500  ms  pre-trigger  duration  and  1000  ms  post-trigger  were  collected  and  transferred  to  a 
laptop  computer  via  a  WBK20  PC-Card/EPP  interface  for  off-line  analysis. 

The  data  acquisition  system  was  calibrated  with  an  acoustic  reference  signal,  produced  by  a 
Bruel  &  Kjaer  (B&K)  Type  4220  pistonphone  to  provide  sound  pressure  levels  referenced  to  20 
micropascals  (pPa)  through  a  B&K  Type  4165  Vi  inch  microphone.  The  microphone  was 
powered  and  conditioned  by  a  B&K  Type  2639  preamplifier.  Pressure  transducers  were 
calibrated  using  an  acoustic  signal  produced  by  a  B&K  Type  4221  High  Intensity  Calibrator, 
referenced  to  2  pPa  (160  dB).  The  reference  signals  were  analyzed  and  stored  in  data  files  on  the 
control  computer.  The  system  was  housed  in  an  air-conditioned  mobile  research  van  for 
portability  to  the  test  site. 

Analyses  were  performed  with  custom-written  software  to  compute  the  positive  peak 
pressure  (in  Pa  and  dB  SPL),  and  the  A-  and  B-durations  of  the  impulse. 


Results  and  discussion 


Peak  pressures  at  all  recording  locations  were  orderly  with  higher  peak  pressures  present  at 
the  ear  location  closer  to  the  deployed  air  bag.  Summary  statistics  are  reported  in  the  Table. 
Individual  deployment  analyses  are  reported  in  Appendix  A,  Tables  A-l  and  A-2.  Peak 
pressures  ranged  from  144.8  dB  peak  SPL  (test  RLAT1 1  Copilot  left  ear)  to  162.4  dB  peak  SPL 
(test  LLAT07  Copilot  left  ear)  with  B-durations  up  to  172.6  ms  (test  LLAT06,  Copilot  right  ear). 
These  levels  exceed  the  140  dB  exposure  limit  defined  by  MIL-STD-1474D. 

Figure  4  illustrates  the  peak  SPLs  and  B-durations  for  impulse  noise  from  MIL-STD- 1474D 
Noise  Limits.  As  noted  above,  each  of  the  48  exposures  (12  deployments  x  4  transducer 
positions)  exceed  the  140  dB  Impulse  Noise  Limit  W.  Only  three  of  the  48  measurements 
exceeded  160.5  dB  and  only  one  of  these  exceeds  the  Impulse  Noise  Limit  X  but  is  below  Noise 
Limit  Y  (LLAT07,  Copilot,  Left  ear,  162.4  dB  peak  SPL,  121.48  B-duration).  Given  that  the 
pilots  are  wearing  at  least  single  hearing  protection  in  the  form  of  the  HGU-56/P  Aircrew 
Integrated  Helmet  System  (LAW  TM  1-1520-237-10  [Department  of  the  Army,  1999],  usually 
with  dual  protection  consisting  of  an  earplug  or  CEP),  the  impulse  noise  exposure  from  a  single 
inadvertent  enhanced  lateral  air  bag  deployment  is  not  hazardous  to  hearing. 
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Figure  3.  Typical  pressure  transducers  used  in  the  CABS  deployment  tests.  Transducers  are 
oriented  at  grazing  incidence  and  positioned  near  the  pilot’s  and  copilot’s  left  and 
right  ear  locations.  Photograph  from  Gordon  and  Murphy  (2000). 


1  10  100  1000 

B -duration  (ms) 

Figure  4.  MEL-STD-1474D  peak  sound  pressure  levels  and  B-duration  limits  for  impulse  noise. 
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Table. 

Summary  statistics  for  acoustic  analysis  of  enhanced  lateral  air  bag  deployments. 


Air 

Bag 

Crew  Ear 

Position  Location 

SPL 

(dB) 

P-Peak 

(kPa) 

N-Peak 

(kPa) 

A-dur 

(ms) 

B-dur 

(ms) 

Left 

Pilot 

Right 

Mean 

148.1 

0.512 

-0.679 

1.30 

60.67 

s 

1.3 

0.077 

0.176 

0.92 

3.26 

Median 

148.1 

0.510 

-0.657 

1.26 

59.79 

Right 

Pilot 

Right 

Mean 

157.1 

1.486 

-1.476 

0.88 

45.27 

s 

2.6 

0.426 

0.482 

0.62 

13.19 

Median 

157.6 

1.528 

-1.466 

0.75 

42.60 

Left 

Pilot 

Left 

Mean 

149.8 

0.631 

-0.692 

1.01 

30.03 

s 

2.0 

0.139 

0.132 

0.79 

64.05 

Median 

149.8 

0.617 

-0.693 

0.62 

58.45 

Right 

Pilot 

Left 

Mean 

153.9 

1.004 

-0.908 

0.64 

47.16 

s 

1.4 

0.170 

0.207 

0.32 

13.55 

Median 

153.3 

0.924 

-0.814 

0.62 

46.46 

Left 

Copilot 

Right 

Mean 

154.1 

1.073 

-1.033 

0.89 

66.16 

s 

3.3 

0.404 

0.175 

0.69 

53.83 

Median 

153.9 

1.025 

-1.061 

0.68 

48.81 

Right 

Copilot 

Right 

Mean 

148.9 

0.583 

-0.653 

1.59 

57.81 

s 

3.0 

0.203 

0.108 

1.07 

3.71 

Median 

149.0 

0.567 

-0.628 

1.23 

57.15 

Left 

Copilot 

Left 

Mean 

159.4 

1.927 

-1.669 

1.05 

52.17 

s 

2.6 

0.572 

0.260 

0.66 

34.26 

Median 

159.1 

1.798 

-1.586 

1.03 

39.57 

Right 

Copilot 

Left 

Mean 

147.9 

0.511 

-0.618 

1.58 

68.68 

s 

2.4 

0.144 

0.134 

1.10 

25.65 

Median 

147.9 

0.499 

-0.609 

1.30 

57.40 
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Conclusion 


Personnel  exposed  to  impulse  noise  levels  above  140  dB  peak  SPL  axe  required  to  use 
hearing  protection  for  exposure  criteria  defined  by  the  Department  of  the  Army  Hearing 
Conservation  Criteria  (Department  of  the  Army,  1998).  Since  current  Army  policy  requires 
aircrew  in  the  UH-60  rotary-wing  aircraft  to  wear  flight  helmets  that  provide  both  impact  and 
sound  protection,  and  passengers  are  required  to  wear  at  least  hearing  protection  in  the  form  of 
earplugs  or  muffs,  the  impulse  noise  levels  from  deployment  of  the  CABS  enhanced  lateral  air 
bag  does  not  pose  an  additional  risk  of  hearing  loss  to  the  crew  or  passengers. 
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Appendix  A. 

CABS  enhanced  lateral  air  bag  deployment  pressure-time  histories, 
peak  impulse  noise  levels,  and  impulse  durations. 


Tables  A-l  and  A-2 
and 

Figures  A-l  through  A- 12 


Note:  The  waveforms  were  plotted  using  not  less  than  ±1.0  kPa  and  not  more  than  ±3.0  kPa 
scaling. 


8 


Peak  levels  and  durations  during  deployment  of  the  left  modified  lateral  air  bags  at  the  locations  shown. 


Test 

Location 

SPL 

(dB) 

P-Peak 

(kPa) 

N-Peak 

(kPa) 

A-duration 

(ms) 

B-duration 

(ms) 

LLAT06 

Pilot  left  ear 

151.5 

0.753 

-0.801 

2.21 

- 

Pilot  right  ear 

149.8 

0.618 

-0.986 

0.21 

66.56 

Copilot  left  ear 

157.0 

1.418 

-1.426 

1.78 

42.99 

Copilot  right  ear 

156.1 

1.271 

-1.016 

0.63 

172.63 

LLAT07 

Pilot  left  ear 

152.1 

0.807 

-0.847 

0.73 

35.81 

Pilot  right  ear 

148.2 

0.515 

-0.569 

0.54 

58.36 

Copilot  left  ear 

162.4 

2.635 

-2.127 

0.06 

121.48 

Copilot  right  ear 

151.8 

0.778 

-0.729 

0.16 

62.01 

LLAT08 

Pilot  left  ear 

150.4 

0.665 

-0.648 

0.51 

59.52 

Pilot  right  ear 

148.1 

0.505 

-0.702 

0.71 

58.16 

Copilot  left  ear 

158.9 

1.755 

-1.585 

0.66 

44.43 

Copilot  right  ear 

156.3 

1.310 

-1.174 

0.63 

33.09 

LLAT09 

Pilot  left  ear 

149.0 

0.562 

-0.739 

0.37 

57.39 

Pilot  right  ear 

149.2 

0.578 

-0.613 

2.35 

61.23 

Copilot  left  ear 

159.3 

1.841 

-1.588 

0.96 

35.34 

Copilot  right  ear 

158.4 

1.672 

-1.208 

0.72 

31.59 

LLAT10 

Pilot  left  ear 

149.1 

0.569 

-0.482 

0.45 

61.88 

Pilot  right  ear 

146.6 

0.426 

-0.475 

2.19 

61.49 

Copilot  left  ear 

156.3 

1.312 

-1.478 

1.75 

36.15 

Copilot  right  ear 

150.9 

0.699 

-0.965 

2.18 

37.76 

LLAT11 

Pilot  left  ear 

146.6 

0.429 

-0.638 

1.81 

64.59 

Pilot  right  ear 

146.7 

0.432 

-0.730 

1.81 

58.23 

Copilot  left  ear 

162.3 

2.603 

-1.813 

1.10 

32.63 

Copilot  right  ear 

151.0 

0.708 

-1.106 

1.04 

59.87 

Table  A-2 


Peak  levels  and  durations  during  deployment  of  the  right  modified  lateral  air  bags  at  the  locations  shown. 


Test 

Location 

SPL 

(dB) 

P-Peak 

(kPa) 

N-Peak 

(kPa) 

A-duration 

(ms) 

B-duration 

(ms) 

RLAT06 

Pilot  left  ear 

155.7 

1.213 

-1.303 

0.56 

31.91 

Pilot  right  ear 

157.0 

1.409 

-1.465 

1.78 

48.74 

Copilot  left  ear 

151.5 

0.748 

-0.844 

0.88 

120.26 

Copilot  right  ear 

153.3 

0.926 

-0.763 

0.56 

52.36 

RLAT07 

Pilot  left  ear 

153.1 

0.902 

-0.831 

1.09 

60.93 

Pilot  right  ear 

154.8 

1.094 

-0.920 

1.36 

58.61 

Copilot  left  ear 

148.1 

0.507 

-0.632 

3.08 

56.66 

Copilot  right  ear 

149.7 

0.608 

-0.645 

0.79 

57.23 

RLAT08 

Pilot  left  ear 

155.8 

1.226 

-0.972 

0.46 

33.48 

Pilot  right  ear 

158.3 

1.648 

-1.663 

1.06 

36.46 

Copilot  left  ear 

149.3 

0.581 

-0.655 

1.72 

56.53 

Copilot  right  ear 

150.4 

0.663 

-0.798 

1.05 

57.07 

RLAT09 

Pilot  left  ear 

152.4 

0.835 

-0.774 

0.88 

63.73 

Pilot  right  ear 

153.6 

0.957 

-1.062 

0.45 

62.08 

Copilot  left  ear 

145.8 

0.392 

-0.551 

2.68 

58.14 

Copilot  right  ear 

146.4 

0.416 

-0.612 

2.44 

60.46 

RLAT10 

Pilot  left  ear 

153.2 

0.911 

-0.771 

0.17 

42.39 

Pilot  right  ear 

158.5 

1.689 

-2.279 

0.29 

30.46 

Copilot  left  ear 

147.8 

0.491 

-0.440 

0.73 

66.69 

Copilot  right  ear 

148.4 

0.527 

-0.515 

3.30 

63.24 

RLAT11 

Pilot  left  ear 

153.4 

0.937 

-0.796 

0.69 

50.53 

Pilot  right  ear 

160.5 

2.120 

-1.466 

0.32 

35.26 

Copilot  left  ear 

144.8 

0.346 

-0.587 

0.42 

53.77 

Copilot  right  ear 

145.1 

0.359 

-0.588 

1.40 

56.49 
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peak  SPL 
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Figure  A-l.  LLAT06:  Pressure-time  histories  and  peak  impulse  noise  levels  -  left  enhanced  lateral  air  bag  deployment. 
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Figure  A-2.  LLAT07:  Pressure-time  histories  and  peak  impulse  noise  levels  -  left  enhanced  lateral  air  bag  deployment. 
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Figure  A-4.  LLAT09:  Pressure-time  histories  and  peak  impulse  noise  levels  -  left  enhanced  lateral  air  bag  deployment. 
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Figure  A-6.  LLAT1 1 :  Pressure-time  histories  and  peak  impulse  noise  levels  —  left  enhanced  lateral  air  bag  deployment. 
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Time  (ms)  Time  (ms) 

Figure  A-8.  RLAT07:  Pressure-time  histories  and  peak  impulse  noise  levels  -  right  enhanced  lateral  air  bag  deployment. 
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Figure  A-9.  RLAT08:  Pressure-time  histories  and  peak  impulse  noise  levels  -  right  enhanced  lateral  air  bag  deployment. 
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Figure  A- 
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Figure  A-l  1.  RLAT10:  Pressure-time  histories  and  peak  impulse  noise  levels  -  right  enhanced  lateral  air  bag  deployment. 
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Figure  A-12.  RLAT11:  Pressure-time 


Appendix  B. 

List  of  manufacturers. 


Bruel  &  Kjaer  North  America  Inc. 
28 15- A  Colonnades  Court 
Norcross,  Georgia  30071-1588 
Phone:  800-332-2040 
Fax:  800-236-8351 

Email:  bkinfo@bksv.com 

First  Technology  Safety  Systems 
47460  Galleon  Drive 
Plymouth,  MI  48170 
Phone:  734-451-7878 
Fax:  734-451-9549 

Email:  sales@ftss.com 

Frequency  Devices,  Inc. 

25  Locust  Street 
Haverhill,  MA  01830 
Phone:  800-252-7074 
Fax:  508-374-0761 

Email:  sales@freqdev.com 


IOtech,  Inc. 

25971  Cannon  Road 
Cleveland,  OH  44146 
Phone:  440-439-4091 
Fax:  440-439-4093 

Email:  sales@iotech.com 

PCB  Piezotronics,  Inc. 

3425  Walden  Avenue 
Depew,  NY  14043-2495  USA 
Phone:  716-684-0001 
Fax:  716-684-0987 

E-mail:  sales@pcb.com 

Robert  A.  Denton,  Inc. 

2967  Waterview  Drive 
Rochester  Hills,  MI  48309 
Phone:  248-852-5100 
Fax:  248-852-6060 

Email:  info@radenton.com 
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